Effect of prone position on ventilation-perfusion matching in patients with moderate to severe ARDS with different clinical phenotypes: a prospective physiological study
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Additional tables

Table S1. Clinical characteristics of the study population at admission
	Characteristics
	Patients, n=25

	Age, yr
	66.56±11.71

	Male, n (%)
	18(72%)

	Body mass index, kg/m2
	24.58±3.30

	APACHE II score at ICU admission
	20.88±7.22

	Sequential organ failure assessment score at ICU admission
	10.92±2.77

	Severe ARDS, n(%)
	11(44)

	Arterial blood gases
	

	pH
	7.39±0.08

	PaO2/FIO2
	[bookmark: _Hlk161495369]118.42±21.21

	PaCO2
	[bookmark: _Hlk161495395]39.17±7.88

	Respiratory parameters
	

	Tidal volume, ml/kg of predicted body weight
	6.21±0.96

	Respiratory rate, breaths/min
	20.00(19.00-21.50)

	Positive end-expiratory pressure, cmH2O
	[bookmark: _Hlk161930132]10.00(8.00-12.00)

	Respiratory system compliance, ml/cmH2O
	[bookmark: _Hlk161495482]36.48±10.87

	Peak pressure, cmH2O
	27.82±4.68

	Plateau pressure, cmH2O
	21.71±4.07

	Driving pressure, cmH2O
	11.31±2.49

	Mechanical power, J/min
	16.62±3.84

	Hemodynamic parameters
	

	Central venous pressure, mmHg
	11.00(7.00-14.00)

	Mean arterial pressure, mmHg
	77.33(72.50-80.67)

	Heart rate, beats per minute
	87.96±21.85

	Cardiac output, l/min
	4.45(4.30-5.04)a

	Cardiac index, l/(min*m2)
	3.42(2.49-3.59)a

	Electrical impedance tomography
	

	ROI 1 of ventilation distribution, %
	13.05±5.64

	ROI 2 of ventilation distribution, %
	48.66±6.06

	ROI 3 of ventilation distribution, %
	32.88±8.30

	ROI 4 of ventilation distribution, %
	5.41±2.94

	ROI 1 of perfusion distribution, %
	11.06±4.95

	ROI 2 of perfusion distribution, %
	47.16±5.60

	ROI 3 of perfusion distribution, %
	35.04±7.11

	ROI 4 of perfusion distribution, %
	7.15(4.43-9.42)

	GI index-ventilation
	38.99±4.75

	Shunt, %
	13.09(6.78-21.63)

	Dead space, %
	24.60(12.56-35.04)

	VQ matching, %
	58.27±15.09

	Inflammation parameters
	

	White blood cell count, per microliter
	10.84(6.71-14.89)

	Neutrophils / Lymphocytes
	19.68(8.13-32.82)

	D-dimer, ug/L
	1563.00(706.00-4220.50)

	C-reactive protein, mg/L
	130.6±95.1

	Procalcitonin, ng/ml
	2.31(0.56-4.85)


APACHE, acute physiology and chronic health evaluation; SOFA, sequential organ failure assessment; ROI, region of interest; ARDS, acute respiratory distress syndrome; 
Values are represented as count (percentage), mean ± standard deviation or median (interquartile range)
a, data were unavailable for 6 patients.

Table S2. Effects of prone position on physiologic variables for the focal ARDS. 
	
	SP
	PP3h
	PP6h
	PP12h
	Trend-P value
	Mauchly’s test of sphericity P value

	Respiratory parameters
	
	
	
	
	
	

	Minute ventilation, l/min
	7.15±1.29
	7.32±1.29
	7.55±0.93
	7.79±1.09
	0.391
	<0.001

	Mechanical power, J/min
	15.15(13.37-17.04)
	14.73(13.23-16.19)
	15.79(14.49-17.04)
	15.11 (14.35-20.47)
	0.151
	0.264

	Respiratory system compliance, ml/cmH2O
	41.02±13.12
	41.21±13.76
	39.63±11.54
	40.49±13.45
	0.79
	0.256

	Arterial blood gases
	
	
	
	
	
	

	pH
	7.39±0.07
	7.36±0.06
	7.38±0.06
	7.40±0.06
	0.052
	0.286

	PaO2/FiO2, mmHg
	130.30(109.94-147.30)
	213.50(176.00-256.50)*
	242.58(187.55-283.78) *
	223.35(183.60-261.10) *
	<0.001
	0.005

	PaCO2, mmHg
	38.08±7.70
	44.16±3.18
	42.31±5.61
	41.77±6.06
	0.025
	0.416

	Hemodynamic parameters
	
	
	
	
	
	

	Heart rates, beats per minute
	101.00(83.50-108.00)
	90.00(84.00-94.75)
	90.00(84.00-92.00)
	91.00(80.50-102.50)
	0.848
	0.001

	Systolic blood pressure, mmHg
	132.33±12.60
	126.25±4.97
	124.84±6.31
	130.75±13.41
	0.249
	0.002

	Mean arterial pressure, mmHg
	77.33(74.41-78.92)
	84.50(77.75-94.25)
	84.00(65.25-95.75)
	87.67(58.00-96.50)
	0.706
	0.332

	Central venous pressure, mmHg
	11.00(4.00-11.25)
	11.00(9.25-12.00)
	1100(8.5-12.0)
	10.0(8.25-12.5)
	0.8
	0.127


SP, supine position; PP3h, prone position for 3 hours; PP6h, prone position for 6 hours; PP12h, prone position for 12 hours. 
Values are represented as mean ± standard deviation or median (interquartile range)
p-value by one-way analysis of variance (ANOVA) for repeated measures
*vs. SP, p<0.05; # vs. PP3h, p<0.05; φ vs. PP6h, p<0.05.

Table S3. Effects of prone position on physiologic variables for the non-focal ARDS.
	
	SP
	PP3h
	PP6h
	PP12h
	Trend-P value
	Mauchly’s test of sphericity P value

	Respiratory parameters
	
	
	
	
	
	

	Minute ventilation, l/min
	7.98±1.07
	7.94±1.40
	8.14±1.11
	8.34±1.02
	0.543
	<0.001

	Mechanical power, J/min
	18.38(15.23-19.85)
	17.39(15.58-19.06)
	17.95(15.90-20.33)
	17.55(15.60-21.17)
	0.692
	0.087

	Respiratory system compliance, ml/cmH2O
	33.45±8.22
	29.16±6.74
	29.15±5.32
	31.51±8.83
	0.012
	0.054

	Arterial blood gases
	
	
	
	
	
	

	pH
	7.39±0.09
	7.37±0.08
	7.38±0.07
	7.39±0.06
	0.389
	0.005

	PaO2/FiO2, mmHg
	104.60(95.20-127.00)
	120.20(99.00-154.80)
	190.20(160.10-213.20)*# 
	259.90(219.90-314.80)*#φ
	<0.001
	0

	PaCO2, mmHg
	39.89±8.17
	41.94±8.01
	40.85±6.07
	40.75±8.31
	0.855
	0.019

	Hemodynamic parameters
	
	
	
	
	
	

	Heart rates, beats per minute
	84.00(66.00-91.00)
	85.00(55.00-95.00)
	92.00(64.00-98.00)
	89.00(80.00-99.00)
	0.909
	0.686

	Systolic blood pressure, mmHg
	125.53±15.27
	129.13±9.84
	132.27±9.84
	132.27±11.58
	0.378
	0.567

	Mean arterial pressure, mmHg
	77.00(67.00-91.00)
	91.00(84.00-103.00)
	92.00(84.00-99.00)
	94.00(80.67-95.00)
	0.032
	0.102

	Central venous pressure, mmHg
	12.00(9.00-14.00)
	10.00(8.00-12.00)
	10.00(8.00-12.00)
	10.00(8.00-12.00)
	0.293
	0.799


SP, supine position; PP3h, prone position for 3 hours; PP6h, prone position for 6 hours; PP12h, prone position for 12 hours. 
Values are represented as mean ± standard deviation or median (interquartile range)
p-value by one-way analysis of variance (ANOVA) for repeated measures
*vs. SP, p<0.05; # vs. PP3h, p<0.05; φ vs. PP6h, p<0.05.

Table S4. Effects of prone position on physiologic variables for the low D-dimer ARDS. 
	
	SP
	PP3h
	PP6h
	PP12h
	Trend-P value
	Mauchly’s test of sphericity P value

	Respiratory parameters
	
	
	
	
	
	

	Minute ventilation, l/min
	7.44±1.24
	7.72±1.16
	7.69±0.97
	8.00±0.79
	0.431
	<0.001

	Mechanical power, J/min
	17.58(14.75-19.31)
	16.58(14.73-19.12)
	16.26(15.61-19.37)
	19.02(15.31-21.11)
	0.151
	0.386

	Respiratory system compliance, ml/cmH2O
	36.44±11.27
	35.31±11.47
	35.15±9.69
	37.31±12.21
	0.701
	0.323

	Arterial blood gases
	
	
	
	
	
	

	pH
	7.39±0.09
	7.35±0.78
	7.36±0.06
	7.38±0.05
	0.282
	0.011

	PaO2/FiO2, mmHg
	126.60(99.30-146.20)
	185.20(112.10-236.00)*
	213.20(182.60-282.90)*
	243.80(207.00-267.40)*
	<0.001
	0.012

	PaCO2, mmHg
	39.38±8.30
	43.33±5.02
	42.52±4.27
	44.07±7.77
	0.172
	0.001

	Hemodynamic parameters
	
	
	
	
	
	

	Heart rates, beats per minute
	88.00(81.50-105.00)
	90.00(82.00-98.50)
	92.00(84.50-94.00)
	98.00(89.50-100.00)
	0.754
	0.189

	Systolic blood pressure, mmHg
	129.46±11.48
	130.38±14.10
	127.38±10.65
	133.84±12.30
	0.574
	0.731

	Mean arterial pressure, mmHg
	77.67(75.34-82.17)
	89.00(83.00-103.50)
	85.00(77.84-100.50)
	90.33(81.34-94.00)
	0.208
	0.504

	Central venous pressure, mmHg
	11.00(7.00-14.00)
	11.00(8.50-12.00)
	11.00(8.00-12.00)
	11.00(8.50-12.00)
	0.842
	0.198


SP, supine position; PP3h, prone position for 3 hours; PP6h, prone position for 6 hours; PP12h, prone position for 12 hours. 
Values are represented as mean ± standard deviation or median (interquartile range)
p-value by one-way analysis of variance (ANOVA) for repeated measures
*vs. SP, p<0.05.

Table S5. Physiologic variables at the different time points for the high D-dimer ARDS
	
	SP
	PP3h
	PP6h
	PP12h
	Trend-P value
	Mauchly’s test of sphericity P value

	Respiratory parameters
	
	
	
	
	
	

	Minute ventilation, l/min
	7.87±1.21
	7.56±1.69
	7.95±1.20
	8.02±1.29
	0.561
	<0.001

	Mechanical power, J/min
	16.05(13.66-18.91)
	15.08(12.29-17.69)
	16.46(15.15-18.41)
	15.63(14.69-17.22)
	0.378
	<0.001

	Respiratory system compliance, ml/cmH2O
	36.53±10.93
	34.86(25.56-38.80)
	33.11±10.98
	34.49±12.13
	0.178
	0.12

	Arterial blood gases
	
	
	
	
	
	

	pH
	7.40±0.08
	7.38±0.08
	7.39±0.06
	7.40(7.38-7.46)
	0.22
	0.605

	PaO2/FiO2, mmHg
	105.20(95.20-124.10)
	131.30(99.00-163.30)
	195.2(183.20-213.20) *
	259.90(224.90-326.00)*
	<0.001
	0.002

	PaCO2, mmHg
	38.94±7.75
	42.21±8.10
	39.20±6.40
	37.33±5.24
	0.338
	0.336

	Hemodynamic parameters
	
	
	
	
	
	

	Heart rates, beats per minute
	87.50(70.00-100.25)
	87.00(55.00-94.75)
	87.00(57.25-94.25)
	80.00(46.50-90.25)
	0.387
	0.642

	Systolic blood pressure, mmHg
	126.67±18.15
	124.83±4.47
	124.33±5.91
	128.33±12.63
	0.789
	<0.001

	Mean arterial pressure, mmHg
	76.00(66.75-80.92)
	84.00(80.00-93.25)
	84.00(72.25-92.50)
	80.34(62.00-95.00)
	0.743
	0.063

	Central venous pressure, mmHg
	11.50(6.00-14.00)
	10.00(9.00-11.75)
	10.00(8.00-11.75)
	10.00(8.00-11.75)
	0.881
	0.598


SP, supine position; PP3h, prone position for 3 hours; PP6h, prone position for 6 hours; PP12h, prone position for 12 hours. 
Values are represented as mean ± standard deviation or median (interquartile range)
p-value by one-way analysis of variance (ANOVA) for repeated measures
*vs. SP, p<0.05.


Additional figures

[image: ]

Figure S2. CT images of ARDS with different morphological features. A. Focal ARDS; B. Non-Focal ARDS


[image: ] 
Figure S2. Effects of prone positioning on ROI ventilation and perfusion in different morphological subphenotypes of ARDS. A. The effect of prone positioning on pulmonary ventilation in ROI 1 of different morphological subphenotypes of ARDS; B. The effect of prone positioning on pulmonary ventilation in ROI2 of different morphological subphenotypes of ARDS; C. The effect of prone positioning on pulmonary ventilation in ROI3 of different morphological subphenotypes of ARDS; D. The effect of prone positioning on pulmonary ventilation in ROI4 of different morphological subphenotypes of ARDS; E. The effect of prone positioning on pulmonary perfusion in ROI1 of different morphological subphenotypes of ARDS; F. The effect of prone positioning on pulmonary perfusion in ROI2 of different morphological subphenotypes of ARDS; G. The effect of prone positioning on pulmonary perfusion in ROI3 of different morphological subphenotypes of ARDS; H. The effect of prone positioning on pulmonary perfusion in ROI4 of different morphological subphenotypes of ARDS; blue: focal ARDS; red: non-focal ARDS; SP: supine position; PP3h: prone position for 3 hours; PP6h: prone position for 6 hours; PP12h: prone position for 12 hours. *vs. SP, p<0.05; # vs. PP3h, p<0.05; φvs. PP6h, p<0.05.
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Figure S3. Effects of prone positioning on ROI ventilation and perfusion in different D-dimer subphenotypes of ARDS. A. The effect of prone positioning on pulmonary ventilation in ROI 1 of different D-dimer subphenotypes of ARDS; B. The effect of prone positioning on pulmonary ventilation in ROI 2 of different D-dimer subphenotypes of ARDS; C. The effect of prone positioning on pulmonary ventilation in ROI 3 of different D-dimer subphenotypes of ARDS; D. The effect of prone positioning on pulmonary ventilation in ROI 4 of different D-dimer subphenotypes of ARDS; E. The effect of prone positioning on pulmonary perfusion in ROI 1 of different D-dimer subphenotypes of ARDS; F. The effect of prone positioning on pulmonary perfusion in ROI 2 of different D-dimer subphenotypes of ARDS; G. The effect of prone positioning on pulmonary perfusion in ROI 3 of different D-dimer subphenotypes of ARDS; H. The effect of prone positioning on pulmonary perfusion in ROI 4 of different D-dimer subphenotypes of ARDS; Purple: low D-dimer ARDS; Green: high D-dimer ARDS; SP: supine position; PP3h: prone position for 3 hours; PP6h: prone position for 6 hours; PP12h: prone position for 12 hours. *vs. SP, p<0.05; # vs. PP3h, p<0.05; φvs. PP6h, p<0.05.
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